Marine Physical Laboratory @

AD-A245 562
T

Trip Report - June 1989 Swallow Float
Deployment with RUM

G. L. D'Spain, W. S. Hodgkiss, and G. L. Edmonds

DTIC

= CLECTE "
9, FEB03 19924 B

D

MPL Technical Memorandum 424
December 1990

Approved for public release; distribution unlimited.

University of California, San Diego
Scripps Institution of Oceanography

92-02507
1029 R




REPORT DOCUMENTATION PAGE Form Approved

OMB No. 0704-0188
Public reporting b for this on of int is to 90 1 hour per respol wcluding the time for revi g instructi g g data sources,
o e e ot wstars o edhrg il border 1o Washinglon Headauarters Semices, O B¢ nkommation Opereiions wd Repans, 1515 Jelerson
Devis Highway, Sulte 1204, Arlington,” VA 252024302, and 10 the Office of Mansgement snd Budget, Paperwork Reduction Project (0704-0188). Washington. DC 20503
1. Agency Use Only (Leave Blank). 2. Report Date. 3. Report Type and Dates Covered.
December 1990 technical memorandum
4. Title and Subtitle. §. Funding Numbers.
Trip Report - June 1989 Swallow Float Deployment with RUM N00014-88-K-2040
6. Author(s).
G. L. D'Spain, W. S. Hodgkiss and G. L. Edmonds Project No.
Task No.
i i i . . Performing Organization
7. Performing Monitoring Agen-cy Names(s) and Address(es) Report N ugmb egr.
University of California, San Diego
Marine Physical Laboratory MPL-U-92/90
ScnpSs Institution of Oceanography
San Diego, California 92152

MPL TM-424

r— 0 ry . . »
9. Sponsoring/Monitoring Agency Name(s) and Address(es). 10. Sponsoring/Monit A
p g g Agency (s) (es) ?epo oring/Monitoring Agency
Director of Research

Naval Research Laboratory
Washington, D.C. 0€320

11. Supplementary Notes.

12a. Distribution/Availability Statement.
Approved for public release; distribution is unlimited.

12b. Distribution Code.

13. Abstract (Maximum 200 words).

The deployment of the three Marine Physical Laboratory’s Swallow floats using the Remote Underwater Manipulator (RUM) was
conducted in June, 1989 in the deep northeast Pacific Ocean at 32.4 N, 120.7 W. Representative data collected by the two
properiy-functioning Swallow floats, one with an external, triaxial geophone package resting on the ocean bottor and the

other equippd with an infrasonic hydrophone and bottom-tethered by a 0.5-meter line, are presented in this report.

14, Subject Terms.

15. Number of Pages.
Swallow float, ambient noise, particle velocity , data acquisition system 80

16. Price Code.
17. Se«ix“itx (;Lassif-iaion 18. Security Classification | 19, Security Classfication 20. Limitation of Abstract.
ot Repor of This Page. of Abstract..
Unclassified Unclassified Unclasstfied None
NSN 7540-01-260-5500

Standard Form 298 (Rev. 2-89)
Prescribed by ANSH Std. 239-18 29




Trip Report - June 1989 Swallow Float Deployment with RUM

G. L. D’Spain, W. S. Hodgkiss, and G. L. Edmonds

Marine Physical Laboratory
Scripps Institution of Oceanography
San Diego, CA 92152

ABSTRACT

The deployment of three of the Marine Physical Laboratory’s Swallow floats using
the Remote Underwater Manipulator (RUM) was conducted in June, 1989 in the deep
northeast Pacific Ocean at 32.4° N, 120.7° W. Representative data collected by the two
properly-functioning Swallow floats, one with an external, triaxial geophone package
resting on the ocean bottom and the other equipped with an infrasonic hydrophone and
bottom-tethered by a 0.5-meter line, are presented in this report.




Introduction

An experiment designed to compare the ambient sound field levels just above, on, and just below the
ocean-sediment interface was conducted by the Marine Physical Laboratory in June, 1989. To make these
measurements, an attempt was made to deploy four modified Swallow floats on the ocean bottom using the
Remote Undervater Manipulator (RUM). Two of the floats were successfully deployed on 3-4 June, 1989,
and recorded full data tapes. The experimental site was located at 32° 23’ N, 120° 44’ W in 3800-meter
deep water. A summary of the Swallow float data collected in the experiment are presented herein.

The Swallow floats are designed to be neutrally buoyant, freely drifting, very low frequency (0.5-20
Hz) pressure and particle velocity sensors. They usually contain within a 0.432 m diameter glass shell
three orthogonally-oriented geophones to measure infrasonic particle velocity, a magnetic compass, and the
necessary hardware to record up to 19 hours of data. They are also usually equipped with an infrasonic
ceramic hydrophone and an 8 kHz acoustic localization system.

However, four of the Swallow floats, with ID numbers 1, 2, 3, and 5, (serial numbers 1, 2, 12, and
13) were modified for this experiment. Instead of being freely drifting, each of the floats was connected in
a different way to the ocean bottom. Floats 3 and 5 were equipped with only infrasonic hydrophones and
were tethered to the bottom by 0.5-meter and 10-meter lines, respectively. Floats 1 and 2 were equipped
with only the three-component geophone assemblies which were external to the floats’ glass spheres. Their
geophones were connected to the float recording hardware by cables composed of sever #18 stranded
wires within a neoprene insulation. Each of the stranded wires was connected through one of the glass
sphere’s seven penetrators; two wires/penetrators were required for each of the three geophone components
and one for ground. No penetrators were available these floats’ 8 kHz hydrophones; therefore, no localiza-
tion data could be collected by these floats. Float 1’s geophone package was designed to be placed upon
the ocean-sediment interface. It was enclosed in a pressure casing and mounted on a 1/4-inch by 10-inch
(0.64 cm by 25.4 cm) polyvinylchloride (pvc) disk on which the orientation of the horizontal geophones
was marked. This mounting guaranteed that the geophone package, which was placed on the sediment by
RUM, would be upright. Float 2’s geophone package was secured within a cage composed of metal tubing
terminated with water nozzles. Using water flow driven through the metal tubing and nozzles by a pump
on RUM, this geophone package could then be jetted into the sediment.

On the fifth attempt at deployment (the first four attempts were truncated due to minor RUM mal-
functions), RUM successfully carried floats 1, 3, and 5 to the bottom and deployed them on the sediment.
Float 1. with its external geophone package resting on the sediment, and float 3, equipped with an infra-
sonic hydrophone and tethered to the bottom by a 0.5-meter line, recorded full data tapes. The deployment
configuration for these two floats is shown in Figure 1. Float 2, whose geophones were designed to be jet-
ted into the sediment, was not deployed due to a malfunction of RUM’s sonar and an inability to maneuver
its cameras. Withoug its sonar and camera maneuverability, RUM would have much difficulty in relocat-
ing this float for recovery. The other floats could be recovered without help from RUM. Float 5, with the
10-meter tether, inexplicably stopped functioning after recording only two hours of data (from records 640
to 836). In addition to deploying the three floats during this trip to the bottom, RUM also successfully col-
lected a sediment box core as part of another experiment.

A final modification was made to the geophone electronic data acquisition systemn on float 1; the
fixed gain was decreased by 12 dB from 95 dB to 83 dB. The spectral levels reported in Section VII take
this change in system gain into account. The fixed gain in the hydrophone electronic data acquisition sys-
tems on floats 3 and 5 remained at 80 dB, the same as in previous deployments.

After deploying the Swallow floats, RUM was recovered on board the R/V New Horizon and the
ship then left the deployment area. During the ship’s transit away from the area, and also during its return,
seal bombs were detonated in order to provide broadband sources for the Swallow floats. Figure 2 is a plan
view of the Swallow float deployment location, indicated by the triangle, and the seal bomb deployment
locations, indicated by the exclamation marks. The following table lists the times and locations of the seal
bomb detonations.
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Seal Bomb Swallow Float Time on 4 June Location
Number Record Number (local time) (Loran-C)

1 1661 04:57:00 32°22.69'N, 120° 43.35' W

2 1662 04:57:42 32°22.69'N, 120° 43.35' W

3 1693 05:20:56 32°20.90'N, 120° 34.30' W

4 1694 05:21:43 32°20.90' N, 120° 34.30' W

5 1942 08:28:23 32°20.40" N, 120° 38.70' W

6 1960 08:41:36 32° 19.90' N, 120° 41.00' W

7 1997 09:09:02 32°21.00' N, 120° 4420'' W

An average sound speed profile for the deployment area, derived from historical National Oceano-
graphic Data Center (NODC) temperature and salinity data {1] and an empirical equation relating souad
speed to temperature and salinity [2], is shown in Figure 3. The NODC data were collected in the area,

31-34°N, 120-125° W.

Swallow Float Log Summary
Note: All times are in local Pacific Daylight Time. To obtain standard Greenwich Mean Time, add 7

hours.

3 June 1989

08:11

12:30

Synchrenize floats for the fourth time. Standing by for RUM deployment in th
next four hours. :

Remove float 2 from RUM. This float, equipped with the buriable geophone
package, will not be deployed since the sonar and the camera mobility on RUM

* are not functional, making it difficult for RUM to relocate the float for retrieval.

15:25
19:03 (rec 869)
21:00 (rec 1025)

21:30 (rec 1065)
21:50 (rec 1092)

21:57.(rec 1101)
22:23 (rec 1136)
23:15 (rec 12095)
23:29 (rec 1224)
23:36 (rec 1233)

4 June 1989

00:22 (rec 1294)
00:50 (rec 1332)
01:38 (rec 1396)

However, RUM will attempt to bury float 2’s geophone cage in the sediment.
RUM, with Swallow floats 1, 3, and §, is put in the water.
RUM touches down on ocean bottom.

RUM grips the geophone cage thrust bar and attempts to push it into the sediment.
However, the cage slips out and falls on the bottom. Begin to take s~diment box
core.

RUM’s VARIAC (variable AC) fails due to excessive voltage. Therefore, begin
to retrieve RUM from the bottom.

RUM’s VARIAC system has inexplicably recovered so that RUM’s ascent from
the bottom is halted.

RUM begins to descend back to the bottom.

RUM arrives on the ocean bottom. Begin to odtain box core.
Box core is tripped in the sediment.

Box core is now on board RUM.

Begin to deploy float S.

Float 5 is deployed. Begin to deploy float 3.
Float 3 is deployed. Begin to deploy float 1.

The conncector end of float 1’s geophone package, which is aligned with the + y
geophone axis, is aligned with the front of RUM, whose heading is 192° true, and




01:49 (rec 1410)
01:56 (rec 1420)
01:60 (rec 1425)
04:20 (rec 1612)
04:29 (rec 1624)
04:57 (rec 1661)

04:58 (rec 1662)
05:21 {rec 1693)
05:22 (rec 1694)
08:28 (rec 1942)

08:36 (rec 1953)

08:42 (rec 1960)
09:09 (rec 1997)

09:30 (rec 2025)
09:45 (rec 2045)
13:01

14:00
21:40
21:42

5 June 1989

01:55
02:05

deployed.

Store RUM’s manipulator in preparation for retrieval.

RUM is moving forward along the bottom, away from the Swallow floats.
RUM is now ascending.

RUM is now on board the R/V New Horizon.

The ship position is 32° 23.42' N, 120° 44.50' W.

The first seal bomb is deployed at time 04:57:00 and Jocation 32° 22.69' N, 120°
4335w,

The second seal bomb is deployed at time 04:57:42 and location 32° 22.69’ N,
120° 43.35' W.

The third seal bomb is deployed at time 05:20:56 and location 32° 20.90’ N, 120°
34.30' W.

The fourth seal bomb is deployed at time 05:21:43 and location 32° 20.90’ N, 120°
3430 W.

The fifth seal bomb is deployed at time 08:28:23 and location 32° 20.40" N, 120°
38.70' W,

The New Horizon is traveling at 10.25 knots. At this speed, the diesel shafts are
rotating at 270 rpm. The ship has twin screws with 3 blades per screw. The
reduction gear ratio is 3.9 to 1.

The sixth seal bomb is deployed at time 08:41:36 and location 32° 19.90’ N, 120°
41.00' W.

The seventh seal bomb is deployed at time 09:09:02 and location 32° 21.00° N,
120° 44.20' W.

Float 1 is detected on the surface, about 9 hours earlier than expected.
Float 1 is recovered and its program is still running. ’

The New Horizon has been station-keeping about 100 meters south of floats 3 and
5 most of the moming. Repairs of RUM are being made. The station-keeping has
been under program control for the last hour and a half. During 12 kHz station-
keeping, it is not possible to transpond off the Swallow floats.

Lauoch RUM for tow tests.
Release float 3.
Release float S.

Recover float 5. An "HL" message appears on its LED display.
Recover float 3. Its program is still running. Prepare to retumn to port.

I. General Indication of Data Quality

The results of screening the float data tapes for the proper location of resynchronization characters
and the proper sum of byte values in a group prior to a checksum are shown in Figure 1.1. Both floats 1
and 3 recorded full data tapes with only 0.1 per cent bad records. However, these excellent screening
results were obtained only after solving the problem of the glitch occurring in the 81st acoustic subrecord
of many records. This problem is described in Section V of the August, 1988 Swallow float trip report [3).
Its solution required an adjustment to the signal strength output by the float cassette reader.
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The last table entry under floats 1 and 3 shows a record with zero bytes. A zero byte record is writ-
ten at the end of the data tape indicating the total number of internal records recorded by that float. Float 5
stopped recording data prematurely after record 836 and no zero byte record was written.

II. The 8 kHz Surface and Bottom Bounce Data

Figures I1.1 and I1.2 show the arrival times, converted to depth, of the self-generated 8 kHz acoustic
location pings recorded by floats 3 and 5. (Recall that float 1 was not equipped with an § kHz localization
hydrophone). The sampling interval in this plot is 12 records, or 9 minutes. Float 5 stopped recording data
after record 836 so that the discussion below focuses on float 3's data.

The first 400 records or so were written while the float was on board RUM as it descended to the bot-
tom. During this time, the float’s 8 kHz localization hydrophone was placed in the bottom of a plastic con-
tainer on top of which the float was strapped. Therefore, the localization ping energy was confined within
the container. Around record 1075 (21:36 local time, 3 June), two sets of detections, one at zero depth and
the other starting at about 3700 meters, were recorded just after the time when RUM began its ascent to the
surface after reaching the bottom and suffering a VARIAC failure (re Swallow Float Log Summary).
Detections of surface reflections were again recorded starting at record 1426 (02:00, 4 June), about the time
RUM began its ascent to the ocean surface after deploying floats 1, 3, and 5 on the bottom. The surface
reflections became detectable after this time probably because of the decrease in the background noise
level. The float depth indicated by these data is 3825 meters.

IT1. Battery Voliage, Float Heading, and AGC Level

Figures I11.1, IIL.2, and IIi.3 display the battery voltage, compass heading, and AGC gain for floats 1,
3, and 5, respectively. The value of each of these quantities for every 45 sec record is plotted. As can be
seen by the flat nature of the battery-output plots, the deployment time for the floats is certainly not con-
strained by power-supply requirements.

The compass heading for the three floats during RUM’s descent (records 640 to 868) shows large
variations. This is due to the rotation of RUM during descent. Once on the bottom (after record 868), the
compass headings for both floats 1 and 3 remain constant, even after RUM began to ascend to the surface
because of an apparent VARIAC failure, until record 1135. The jump in heading around record 1135
occurs just as RUM returned to the bottom a second time. The compass headings for both floats again
remained constant until they were deployed; float 3 at record 1309 (00:33, 4 June) and float 1 at record
1350 (01:03, 4 June). During these periods of constant heading, the compasses on both floats may have
been stuck; the Swallow float compass can only withstand a 3° tilt from vertical. The compass on float 1
was also stuck at 0° heading between record 1400 (the time when RUM began deployment of the external
geophone package) and record 1800 (the time when float 1 prematurely released from the bottom and
began ascending to the surface). After deployment, float 3’s heading changed very little during the
remainder of the deployment. Note that since float 1°s geophone was external to the glass sphere and float
3 was equipped with only an omni-directional infrasonic hydrophone, both sets of compass readings are of
little consequence to the infrasonic acoustic data.

The automatic gain control (AGC) settings for both of the floats (in the bottom plots in Figures II.1
through I1.3) show a decrease from an initialized value of 14 dB over the first 28 records. The AGC can
only change by approximately 1/2-dB increments between each record. The AGC level for float 1
remained at 0 dB gain until RUM lifted off the bottom at record 1426 (02:00, 4 June). It then increased to
23 dB and fluctuated around this value until the float released from the bottom after record 1800. The large
increase to 36 dB in float 3’s AGC gain, starting at record 868 when RUM first arrived on the bottom, was
due to the saturation and resulting loss in sensitivity in the hydrophone data acquisition system. Float 3's
AGC gain also increased to 15 dB after about record 1315, the time when the float was deployed by RUM.
It remained around 15 dB while RUM was on the bottom. The decrease in AGC gain at record 1420 and
subsequent increase at rccord 1428 is associated with RUM moving away from the floats, and then lifting
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off the bottom. Float 3’'s AGC level then increased to 23 dB and remained at about that level for the
remainder of the recording period.

IV. Root Mean Square Pressure and Particle Velocity

Plots of the root mean square (rms) particle velocity recorded by float 1 and the rms pressure
recorded by floats 3 and S are presented in Figures I'V.1a through IV.1h, Figures IV.2a through IV.2h, and
Figures IV.3a and IV.3b, respectively. Five seconds of data, or 250 points, are averaged together, yielding
nine rms data points per record. The reduction of 12 dB in fixed gain in float 1°s data acquisition channpels
has not been taken into account in Figures IV.1a through IV.1h.

The rms levels indicated by the first 28 records is misleading. Actually, the voltage signals are
clipped all during this time as the AGC level, initially at 14 dB gain, steps down to 0 dB in 1/2-dB incre-
ments. Therefore, the gain-corrected rms levels for clipped signals are smaller when the AGC gain is high
than when it is low.

The mms velocity recorded by float 1°s three geophone components show high levels as RUM des-
cended. The z axis level and the variability on the y axis both decrease once RUM reaches the bottom at
record 868. In contrast, the x axis level remains high until RUM lifted off the ocean bottom at record 1428.
The collection of the box core by RUM results in a jump in y and z axis levels at record 1032. RUM’s
return to the ocean bottom after its system inexplicably recoved (re Swallow Float Log Summary) is
marked by a jump in the y axis rms levels after record 1135. The levels remain quite high almost the whole
time until RUM lifted off the sediment at record 1428. The levels then decrease to very low values until
the float released from the bottom after record 1800. During the period of low levels, the rms velocity on
the horizontal components is about 4 times as large as on the vertical component.

Regarding float 3’s rms pressure, plotted in Figures I1V.2a through IV.2h, the temporary loss of
hydrophone circuit sensitivity is evident in the extremely low rms pressure levels recorded between records
868 and 1032. After that, the levels remain high until the float is deployed by RUM; the deployment
started around record 1310 and was completed at record 1329. The movement of RUM away from the
floats after their deployment results in a small jump in s pressure levels between records 1420 and 1425,
after which the departure of RUM from the bottom at record 1428 is indicated by a small peak.

Only electronic self noise was recorded by the geophone data acquisition channels on floats 3 and 5
and the hydrophone channel on float 1. Spikes occurring once every record are clearly seen on the x and z
chanpels of float 3, the y axis of float 5, and especially on the z axis of float 5. No such contamination is
present in float 1’s hydrophone channel. This geophone channel electronic self noise is the result of ground
loop currents generated by the float cassette tape recorder operation. The contamination does not appear to
be present in float 1°s hydrophone channel because the hydrophone circuit front end provides better elec-
tronic protection against this form of self noise. Note that the fixed gain in the hydrophone and geophone
circuits in this experiment differ by only 3 dB; 80 dB in the hydrophone circuit and 83 dB in the geophone
circuit.

V. Particle Velocity and Pressure Time Series

Selected time series from the three orthogonal geophone components of float 1 and the hydrophone
channel of float 3 are plotted in Figures V.1 through V.5. The data are sampled at a 50 Hz rate, but only
every other point is plotted. Three record sequences are presented; records 1655 to 1666 (04:52 to 05:00, 4
June), records 1685 to 1696 (05:15 to 05:23, 4 June), and records 1992 to 2003 (09:05 to 09:13, 4 June).
These sequences were chosen for plotting since the arrivals from the first four and the seventh seal bombs
were recorded during this time; the first two occur in records 1661 and 1662, the third and fourth in records
1693 and 1694, and those from the seventh seal bomb are in record 1997. For the seventh seal bomb, only
the time series from float 3 are presented since float 1 had released prematurely from the bottom and was
ascending during this time.
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For float 1, the arrival structure of the seal bombs is most clearly seen in the vertical geophone com-
ponent time series. The reason for this is probably that the noise levels are much lower on this component
than on the horizontal components. The detonations of the first two seal bombs, clearly recorded in records
1661 and 1662 of Figure V.Ic, result in arrivals composed of three main phases, the direct (plus surface-
reflected) path, the bottom-to-surface-to-receiver path, and the bottom-to-surface-to-bottom-to-surface-to-
receiver path. Note that the direct path phase is clipped. The second two seal bomb detonation arrivals, in
records 1693 and 1694 in Figure V.3c, contain mainly the direct path and the bottom-to-surface-to-receiver
path. :

The arrivals from the first four seal bombs don’t appear to be present at all in the hydrophone data, in
Figures V.2 and V.4. They are not readily visible since the AGC gain has been determined by the back-
ground sound pressure levels and the arrival of the relatively loud seal bomb phases result in clipping. In
addition, the background noise recorded by the hydrophone has the same frequency character as the seal
bomb arrivals. This is in contrast to float 1°s horizontal geophone components where the background noise
is dominated by lower frequency components than the seal bomb arrivals; re Figures V.1a, V.1b, and V.3a,
V.3b. The arrivals from the seventh seal bomb are visible in float 3's time series, re Figure V.5. Three
phases which have resulted in clipping are discernible.

In order to demonstrate that the first and third seal bomb detonations are recorded in float 3’s hydro-
phone data, the arrivals in float 1’s vertical geophone time series were used to construct matched filters.
The results of passing float 3’s time series through these matched filters are presented in Figures V.6
through V.12. The following table lists the phases used to construct the matched filter for each figure.

Figure Record Float 1’s Vertical Axis Phases
Number Number included in the Matched Filter

V.6 1661 All 3 phases

v.7 1661 Just the 1st phase
V.8 1661 Just the 2nd phase
V.9 1661 Just the 3rd phase
AAT) 1993 Both phases

V.11 1993 Just the 1st phase
V.12 1993 Just the 2nd phase

The matched filter output resuits generally show peaks in the expected locations of phase arrivals in float
3’s data, although it appears that float 1’s time base is about a half-second faster than float 3°s time base.
For example, the peak output in Figure V.6 occurs about a half-second before the direct arrival in Figure
V.1c. The alignment of the two floats’ time bases is discussed in the next section.

A few other features in the time series are worthy of note. First, float 1°s z axis geophone appears to
detect the 8 kHz localization ping generated by float 3’s ITC transducer. That is, a small spike is visible in
records 1659 and 1695 about 10.4 seconds after the start of the record; re Figures V.1c and V.3c. The cou-
pling of float 3's localization ping energy into sediment motion was probably aided by the fact that the
localization transducer was resting upon the ocean bottom; the transducer cable was 1.83 meters long
whereas the tether was only 0.5 meters in length. In float 3’s infrasonic hydrophone data, the localization
ping results in over 4 seconds of sensitivity loss due to saturation of the front end electronics.

Finally, float 1's three geophone components detect large impulsive arrivals, e.g., in records 1655,
1663, 1692, and 1695, which are not detectable in the hydrophone data. The fact that these signals are not
present in the hydrophone data was verified by examining float 3’s filtered output with the signals recorded
by float 1 acting as the matched filter (identical to the procedure described above). These large impulsive
arrivals ther ‘fore appear to be non-acoustic in nature. They may have been generated by motion of the
cable connecting float 1's geophones to the electronics.

VI. Time Base Alignment

In typical deployments, the reciprocal travel time estimates from the 8 kHz localization data are used
to estimate and correct for the time base misalignment between Swallow floats [4]). However, in this
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experiment, float 1 was not equipped with an 8 kHz hydrophone since all its glass shell penetrators were
used to connect the external geophone package to the internal electronics. Instead, the time base offset was
estimated using both the seal bomb arrivals and the recording of float 3’s 8 kHz localization ping by float 1.
Both of these approaches assume that the two floats were co-located in space. However, they may have
been separated by as much as 2 meters horizontal distance.

The seal bomb arrivals in the two floats’ data were used to estimate the time base offset by first cal-
culating the transfer function between the two time series’ arrivals [5], and then calculating the correspond-
ing impulse response by taking the inverse fft. The peak in the impulse response occurs at the time delay
between the two data sets. Figures VI.1 through V1.4 show the impulse response estimates between float
3’s hydrophone time series and float 1’s x geophone (upper left), y geophone (lower left), and z geophone
(upper right) time series for the first four seal bomb arrivals. The following table lists the data sample
offset where the peak occurs and the equivalent time delay for each of the impulse responses.

Figure Record Geophone Point Offset at Time Delay
Number Number Component Impulse Response Peak (sec)
VL1 1661 X 14 -0.28
VL1 1661 y 212 +0.88
VL1 1661 z 21 -0.42
V1.2 1662 X 12 -0.24
V1.2 1662 y 255 +0.02
V1.2 1662 z 22 -0.44
VL3 1693 X 24 -0.48
VL3 1693 y 22 -0.44
V1.3 1693 z 21 -0.42
V1.4 1694 X 22 -0.44
V1.4 1694 y 253 +0.06
V14 1694 z 22 -0.44

These results strongly suggest that the time base offset is somewhere between 21 and 22 points, or 0.42 to
0.44 seconds. A negative time delay means that float 1's clock is faster than float 3’s clock, so that float 1
has recorded a greater number of puints than float 3.

The results of cross correlating the two floats’ time series during the seal bomb arrivals were con-
sistent with the impulse response results above, although they were more ambiguous; re [5].

As mentioned in the previous section, float 1’s vertical geophone surprisingly recorded the 8 kHz
localization pings generated by float 3. Since float 3 issued the localization pulse at almost exactly 10
seconds after the start of the record in which it pinged, according to its clock, then the difference between
the time of the ping arrival in float 1°s data and 10 seconds is equal to the time base offset. In order to
increase the signal-to-noise ratio, float 1’s time series for all records in which float 3 pinged (every 12th
record) between records 1440 and 1800 were coherently averaged together. Record 1440 was written
shortly after RUM lifted off the ocean bottom and record 1800 was recorded shortly before float 1 started
to ascend to the ocean surface. The resulting average of the 30 records is plotted in Figure VLS for each of
the three geophone components; the averaged x component is in the upper left, the averaged y component
is in the lower left, and the averaged z component is in the upper right. The averaged z component clearly
has the greatest signal-to-noise ratio. However, the two averaged horizontal components also contain a
spike starting at 10.44 seconds, exactly the same time as the spike on the averaged z component. These
results again suggest that the time base offset is somewhere between 21 and 22 points, or that float 1's
clock is 0.42 to 0.44 seconds faster than float 3’s clock.

As an aside, the peaks every 1/2-second in the averaged z axis time series are the result of electronic
self noise occurring between the float's 1/2-second-duration acoustic subrecords. This contamination was
discussed in Section IV. Its effect on the spectral estimates in Section VII is minimal, and can be almost
completely eliminated by further data processing.

The time base offset of 0.42 to 0.44 seconds calculated from the seal bomb arrivals and from the
recording of float 3's 8 kHz localization ping by float 1 is fairly consistent with GOES (geostationary
operational environmental satellite) clock measurements made in the July, 1989 experiment [6]. From the
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table on p. 16 of reference (6], float 1’s clock, just before recall, was 0.37 seconds too fast and float 3's
clock was oaly 0.05 seconds too fast. Therefore, from these measurements, float 1°s clock should be about
0.32 seconds faster than float 3’s clock. The difference between the GOES clock results and those in this
experiment may be due to the greater deployment depths, and therefore colder temperatures, in this experi-
ment. That is, float 1’s clock crystal may display a greater temperature dependence than float 3’s crystal.

VII. Acoustic Particle Velocity and Pressure Spectral Properties

Estimates of the calibrated autospectra for float 1’s geophone velocity components and float 3°s
hydrophone pressure channel are presented first in this section. The spectral estimates are made after the
two floats’ time series have been aligned using the results from the previous section. Spectral estimates
with two different frequency resolutions are calculated. Those with a 98 mHz resolution are made by
dividing 40.96 seconds in a data record (obtained after skipping the first 2.5 seconds of data) into seven
10.24-second-long segments, with a 50 percent overlap between segments. The segments are fast Fourier
transformed after using a Kaiser-Bessel window of o = 2.5 to window the data. The resulting seven spec-
tra within a record are incoherently averaged together. The averaged spectra for four consecutive records
(equal to three minutes of data) are then incoherently averaged in order to further reduce the variance of
the spectral estimates. For spectral estimates with a 24 mHz resolution, the segment length which is
transformed is quadrupled to 40.96 seconds and the spectra for twenty consecutive records are incoherently
averaged. For some of the plots presented later in this section (e.g., the coherence estimates), additional
averaging across records was done.

The autospectra are properly calibrated to units of dB re 1 (m/sec)?/Hz for the geophone components
and dB re 1 (uWPa)’/Hz for the hydrophone component. The pressure-particle velocity cross spectra are
calibrated to units of dB re 1 uWatts/m¥Hz. Refer 0 Appendix 1 for a description of the geophone and
hydrophone data acquisition systems.

a) Auro Spectra and Intensity Magnitude Spectra

Spectra estimated from three minutes of data from both float 1 and float 3 for four different time
periods are shown in Figure VII.1. The dotted line in each plot is the pressure autospectrum calculated
from float 3°s bydrophone data, the golid line is the equivalent pressure spectrum calculated from float 1°s

geophone data, i.e., S,G(f )=(pP, c)zzsv,(f ), and the dashed line is the equivalent pressure spectrum calcu-
J=1

lated from the active acoustic intensity magoitude, i.e., (p,¢)|Cp, [(f), where C,, (f) is the real part of the

cross spectrum between float 1 and float 3’s data. The scaling factor used in the equivalent pressure spec-

tral calculations is the characteristic impedance; it is set equal to 2.1 x10° -*%L

m°sec

= (1.4 x10° kg/m®)(1.5 k;v/sec) rather than the value of 1.5 x 10° —l;-g—- used in previous experiments
m’sec

since float 1's geophones are resting on the more-dense sediment. Note that the calculation of the
equivalent pressure spectrum, (p,¢) | Gy | (), assumes that float 1's geophones and float 3’s hydrophone
are co-located in space. In particular, the pressure measured by float 3 is assumed to be the same as the
pressure at the ocean-sediment interface. For each of the plots in the figure, the following table lists the
data records and the corresponding time interval used in the spectral estimates.




The 4-Rec Sequence and 3-Min Time Period for Plots in Figure VIL1

Spectral Record Local Time Interval Comments
Plot Interval (on 4 June)

Upper right 1512 - 1515 03:05 - 03:08 Before RUM  was
recovered.

Lower right 1624 - 1627 04:29 - 04:32 After RUM  was
recovered and before
steaming away.

Upper left 1700 - 1703 05:26 - 05:29 Steaming away from
site.

Lower left 1748 - 1751 06:02 - 06:05 Continuing to  stea
away from site.

The first notable feature in these plots is that the geophone-derived spectra are much higher than the
hydrophone pressure spectra. As illustrated and discussed further in the pext part of this section, the reason
is probably due to the decoupling of horizontal sediment motion from motion in the water column. The
overall spectral level of Sf(f ) from Tloat 1’s data’is Similar to that 6f midwater Swallow Hoat spectra’in
"noisy" float deployments, e.g., the July, 1989 experiment [6). On the other hand, the spectral levels
recorded by float 3’s hydrophone are typical of "very quiet" deployments, e.g., the May, 1987 experiment
71

Another notable feature of the geophone-data-derived spectra is its "raggedness", i.e., its large varia-
bility with frequency below 5 Hz. In contrast, midwater-column Swallow float geophone spectra from
other experiments show a relatively smooth rise towards the microseismic peak at 0.15 Hz. This ragged-
pess is more readily apparent in the time-averaged, log-log spectral plot shown in Figure VII.2. The spec-
tra in Figure VII.2 were obtained by averaging over four hours of data. The raggedness below 5 Hz occurs
only on the horizontal geophone components; the vertical component spectrum is relatively smooth. The
reason for this difference between the sediment-mounted geophone data and the water-column data is due
to the nom-acoustic impulsive arrivals in the geophone data mentioned at the end of Section V. These
arrivals may b= due to geophone cable effects. Previously recorded bottom-tethered Swallow float geo-
phone spectra also show this '‘raggedness" which is caused by tether contamination.

The log-log spectral plots in Figure VII.2 indicate that both the geophones and the hydrophone
appear to detect the microseismic peak at 0.2 Hz. In contrast to the water-coiumn geophone data collected
in other Swallow float deployments, these geophone data are not contaminated by float rocking since the
motion of the glass sphere was decoupled from the geophones.

By plotting the spectra on a log frequency scale as in Figure VII.2, the power law dependence of the
spectra can be determined. However, both the geophone and hydrophone spectra show a decreasing spec-
tral slope with decreasing frequency between 5 Hz and 0.4 Hz. A straight-line fit to the spectra between
these two frequencies shows an approximate 18 dB/octave increase to the microseismic peak in the geo-
phone data and about an 8 dB/octave increase in the hydrophone data. The hydrophone spectral resuits
may be affected by calibration error; a comparison of float 3’s hydrophone and geophone spectra in both
the July, 1989 and August, 1990 deployments [8, 8] indicate that this hydrophone suffers from an inexpli-
cable decrease in senmsitivity with decreasing frequency {9]. Float 3’s hydrophone electronic system
response has been checked in the laboratory and the results indicate that ihe loss in sensitivity must be
caused by the hydrophone itself. Another float’s hydrophone, the one on float 5, also showed this loss in
low-frequency sensitivity in the July, 1989 and August, 1990 experiments [9]. The reason why both the
Swallow float hydrophones that were used in this RUM experiment now suffer this loss in sensitivity is as
yet unknown.

The noise generated by the New Horizon as it sttcamed away from the deployment site appears to
result in a hump of spectral energy between 7 and 12 Hz, re Figure VII.1. Upon this hump exist three or
four spikes. Additional spikes occur between 15 and 20 Hz. Evidence to be presented below in Section
VIlL.c suggests that these spectral lines were generated by more than one source (ship). The following table
lists the frequencies of these spectral spikes and the type of sensor, geophone or hydrophone, which
detected them.
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Frequency of Spectral Spikes (Hz) Sensor which Contains Spike

5.0 hydro
7.5 geo, hydro
83 geo, hydro
89 geo, hydro
10.0 geo, hydro
15.0 geo, hydro
16.5 geo, hydro
17.8 geo, hydro

The spike at 5.0 Hz, which is recorded only by float 3’s hydrophone, appears to be intermittent; it occurs
predominantly in the hydrophone spectra for records 1512 - 1515 (upper left) and records 1748 - 1751
(Iower right), whereas it is not readily visible in other two hydrophone spectra in Figure VIL.1. The source
of this spike is unknown.

The intensity magnitude spectrum scaled to pressure spectral units, (p,¢) | Cpy |U'), is plotted as a
dashed curve in Figures VIL.1 and VIL2. It is calculated from the real parts of the three cross spectra
between float 3°s hydrophone time series and each of the three geophone time series recorded by float 1.
The scaled acoustic intensity magnitude spectrum generally agrees well with the pressure spectrum above 3
or 4 Hz; at the lower frequencies, it is larger than the pressure spectrum. However, the properties of this
spectrum are difficult to interpret, in contrast to the intensity magnitude spectrum calculated from the
.aaultaneous measurement of acoustic pressure and particle velocity by a single Swallow float in the water
column (re {9, 10]). One reason for the difficulty in interpretation is that the effects of the spatial separa-
tion between floats 1 and 3 may be significant; e.g., sediment interface waves may significantly contribute
to the time series recorded by float 1, but not be present in float 3’s data either because of a lack of cou-
pling of horizontal motion at the ocean-sediment interface or because of the potentially high attenuation of
interface wave effects away from the ocean bottom. In addition, the two floats’ time bases can only be
aligned to within a 1/2-second or so using the infrasonic acoustic data. Therefore, the intensity magnitude
spectrum in this experiment is probably distorted by the additional misalignment remaining after approxi-
mate alignment of the two floats’ time bases. '

In order to get a qualitative picture of the ocean-bome and sediment wave fields during the course of
the whole deployment, gray level plots of the normalized spectral amplitudes as a function of time (in units
of Swallow float record number) are shown in the lower panels of Figures VII.3 and VII.4. An analytical
spectrum was used to normalize the spectra before creating the gray level plots; it is shown in the upper
panel of each figure. This normalization was done in order to decrease the dynamic range of the infrasonic
spectra. The functional form of the normalizing spectra in both figures is given by S, (f) =Af =5 from 0 to
3 Hz, S,(f) =Bf**" from 8 to 25 Hz, and S, (f) is a linear combination of these two functional forms
between 3 and 8 Hz. The values of A and B are determined by specifying the desired spectral level at 5
Hz; for the normalizing hydrophone spectrum in Figure VIL3, the spectral level at 5 Hz is set at 65 dB re 1
uPa*/Hz and for the normalizing geophone-data-derived spectrum in Figure VIL4, it is 80 dB. These plots
are especially useful in showing the time-dependent amplitude of spectral lines. For example, the 5 Hz line
in the hydrophone data does not appear until after about record 1510, and then intermittently becomes quite
predominant. The dark patches at 21 Hz and 23 Hz and centered about record 1460 in both figures are
probably generated by RUM since they no longer exist after RUM was recovered, i.e., after record 1600 or
s0. A number of other spectral lines between 5 and 20 Hz are also visible, and are present in both the
hydrophone and geophone spectra; re the previous table. The difference between the hydrophone and geo-
phone spectra in the frequency dependence of the rise towards the microseismic peak is evidenced by the
increasing lightness of the gray level plot with decreasing frequency in Figure VII.3 versus the increasing
darkness with decreasing frequency in Figure VII.4. The dashes which are spaced every 12 records in the
hydrophoue gray level plot near 0 Hz are caused by float 3's 8 kHz localization pings. It is also apparent
that the background hydrophone spectra have a different frequency dependence than the geophone spectra
above 10 Hz. Another interesting feature is that the spectral level around 2.5 Hz in both types of spectra
decreases after record 1650.
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b) Spectral Ratios

An effective way of comparing two spectra is by plotting their ratio. For example, the solid curves in
the four plots in Figure VIL.5 show the ratios of the geophone-data-derived pressure spectra to the hydro-
phone pressure spectra corresponding to the four time periods in Figure VII.1. (The dashed curves are the
ratios of the scaled intensity magnitude spectra and the hydrophoue pressure spectra). The spectral ratio is
frequency dependent, becoming increasingly more positive as the frequency decreases. The ratio has been
clipped at + 20 dB at the lowest frequencies in order to fit on the plots. This frequency dependence may be
partially due to a increasing loss in sewnsitivity with decreasing frequency for float 3’s hydrophone, as dis-
cussed previously. It may also be the result of the difference in the frequency dependence of attenuation in
sediments compared to sound attenuation in the ocean.

The positive spectral ratios are mainly due to the large levels on float 1°s horizontal geophone com-
ponents. That is, since horizontal sediment motion is not coupled into motion in the water column, then
larger borizontal geophone spectral levels measured by float 1 need not be related to larger hydrophone
levels measured by float 3. Horizontal sediment movement has a much smaller effective acoustic
impedance than vertical motion since the overlying water provides no resistance to motion. If instead of
using all three geophone components, only the vertical geopbone component spectrum is used to derive the
equivalent pressure spectrum, i.e., Sf(f ) =3(p,¢)?S,,(f), then the agreement with the hydrophone pres-
sure spectrum is much better. This is illustrated in Figure VII.6, where the solid curves in the four plots are
the ratios of the vertical-geophone-data-derived pressure spectra to the hydrophone pressure spectra
corresponding to the four time periods in Figure VII.1. The ratio is generaliy between + 5 dB for frequen-
cies from 5 to 20 Hz. Below 5 Hz, the ratio becomes increasingly positive probably because of the
aforementioned loss in sensitivity of float 3’s hydrophone. (The dashed curves in Figure VII.6 are the ratios
of the scaled vertical intensity spectra and the hydrophone pressure spectra).

A comparison of the sediment motion measured by float 1's geophone and that measured by an
ocean bottom seismometer (OBS) is presented in Figure VII.7. The uppermost panel shows the ratio of the
OBS vertical geophone autospectrum to float 1’s vertical geophone autospectrum and the lower two plots
show the corresponding spectral ratios for the two horizontal geophone components. The OBS data were
recorded in May, 1987 during a concurrent Swallow float deployment [7]. The May, 1987 experiment was
conducted at nearly the same site as this experiment with RUM. The OBS horizontal geophone component
data in the May, 1987 experiment are known to be of low quality (11]. One problem is that they suffered
from poor OBS-to-sediment coupling due to the drag and inertia of the OBS package through the water
[Prof. L. Dorman, private communication]. In contrast, the spectra recorded by the two instruments’ verti-
cal geophone components agree remarkably well. Reasons for this agreement are that the two experiments
were conducted at nearly the same location, and the wind speeds of 6 - 10 knots and sea surface conditions
in the two experiments were very similar.

c) Signal-to-Noise Ratio and "Directionality" of Spectral Lines

Further analysis of many of the spectral lines discussed in Section VIl.a is presented in Figures VIL.8
through VIL.11. The following list specifies which plots pertaining to each frequency spike.

Frequency of Spectral Spike (Hz) Location of Plots Figure Number

50 upper two plots VILS
1.5 lower two plots VILE
8.3 upper two plots VILY
8.9 lower two plots VIL9
10.0 upper two plots VIL10
15.0 lower two plots VIL10
17.8 upper two plots VIL11

The leftmost two plots in each figure show the signal-to-noise (SNR) ratios of the spectral spike as a func-
tion of time (in units of Swallow float record nwnber) in three types of spectra; the solid curves are the
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signal-to-noise ratios 3in the equivalent geophone-data-derived pressure spectra calculated from float 1°s
data, S,f’(f )=(P,¢)*TS,,(f), the dotted lines are the SNRs in float 3’s hydrophone pressure spectra, and
jul

J
the dashed curves pertain to the SNRs in the scaled intensity magnitude spectra, (p,¢) | G,y | (f). The
signal-to-noise ratios are calculated by dividing the spectral level in the frequency bin of interest by the
average of the levels in the fourth and fifth bins on either side of the bin of interest. The horizontal dashed
line in each of these plots indicates a SNR of 0 dB. The time period shown in the plots is from records 1660
to 1800 (04:56 to 06:41, local time on 4 June). This period starts after the New Horizon had departed to
the east, soutbeast from the deployment site and extends to the time when float 1 prematurely released from
the ocean bottom. These plots indicate that none of the three types of spectra show a clear signal-to-noise
ratio advantage over the other two types of spectra (except for the spike at S Hz which doesn’t appear in
the geophone spectra). Similar plots were created using just the vertical geophone component in the
equivalent geophone pressure spectrum calculation. At many times and at certain frequencies, the hydro-
phone spectra SNR was greater than in the vertical-geophone-data-derived spectra. However, in some
cases, the reverse was true. Therefore, the best type of near-ocean-bottom measurement to make for
detecting near-surface-generated tones appears to vary with frequency (in the infrasonic band) and with
propagation geometry.

The rightmost two plots in each of these figures show the sum of the horizontal projection of the
active intensity vectors, in the frequency bin of interest, as a function of time over the time period in the
lefthand plots. The active intensity vectors are calculated from the real parts of the cross spectrum between
float 3’s hydrophone data and float 1’s horizontal geophone components [9, 10]. Since the New Horizon
traveled to the east, southeast away from the site, it would have produced energy flux to the northwest.
Therefore, the spectral lines at 8.3 Hz and possibly at 10.0 Hz may have been generated by this ship. The
spectral lines at 7.5 Hz, 8.9 Hz, 15.0 Hz, and 17.8 Hz, however, appear to have been generated by a dif-
ferent, single source. Note that these directional results may be misleading since the two floats’ time bases
can only be aligned to within 20 msec (one data sample) using the infrasonic acoustic c¢ata. In order to
examioe the sensitivity of these results to time base misalignment, the calculations were redone for relative
time base shifts of both + 12 msec and - 12 msec from the alignment used for Figures VI1.8 through VIL11.
Although a reshifting caused a change in the vector sum magnitude and its behavior; e.g., the vector sum
for a given frequency could become "meandering" in nature; it never caused a reversal in the overall direc-
tionality. Therefore, even though these plots are not explicitly correct, they may provide a general indica-
tion of the directionality of the spectral lines.

d) Coherence Functions

Finally, the uppermost two plots in Figure VII.12 show the coherence between the acoustic pressure
measured by float 3°s hydrophone and the vertical sediment motion measured by float 1’s vertical geo-
phone component. The upper plot of this pair of plots shows the coberence squared, on a scale from 0 to
1.0, and the lower plot shows the complex coherence phase. Both plots are for a frequency range from 0 to
5 Hz. Again, the coherence phase above a few hertz is probably corrupted by time base misalignment. For
comparison, the corresponding plots of the coherence between the acoustic pressure and vertical particle
velocity measured by two bottom-tethered Swallow floats, float 9 (middle two plots) and float 10 (bottom
two plots) in the July, 1989 experiment [6] are also presented. Since the vertical particle velocity must be
continuous at the ocean-sediment interface, the comparison of the data from these two experiments is valid.
Below about 1.25 Hz, the coherence squared plots for all three sets of data are nearly identical, including
the notch in the coherence squared function centered at 0.5 Hz. However, the July, 1989 data indicate that
an approximate 90° coherence phase shift occurs at the 0.5 Hz notch in the coherence squared function, but
the data from this RUM experiment show no such phase shift. Above 1.5 Hz, the coherence squared values
in this experiment are much higher than those in July, 1989. The reason for this difference is unknown.
Note that the 4 Hz peak in the uppermost cohcrence squared plot is the result of electronic self noise; this
type of self noise can be easily removed by additional processing.
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Appendix - Swallow Float Infrasonic Data Acquisition System

A block diagram of the Swallow float infrasonic system appears in Figure A.1. Float 1 was equipped
with three orthogonally-oriented Geo Space geophones, whereas float 3 was equipped with the Ocean and
Atmospheric Science (OAS) model E-4SD hydrophone. (The hydrophone channel on float 1 and the three
geophone channels on float 3 were shorted out so that only electronic self noise were recorded by these
components ). The geophone channels will be described first, followed by a description of the hydrophone
channel.

The sediment motion is first coupled into motion at float 1°s geophones. The three orthogonal com-
ponents of particle velocity at the geophone are then converted into voltages. The geophones are elec-
tromagnetic transducers in which a voltage is produced across a moving, conducting coil by its motion
through the magnetic field lines produced by a permanent magnet [12]. The resulting voltage is propor-
tional to the velocity of the coil with respect to the magnet. Constraining the coil to move in only one
direction are elastic springs connecting the coil to the instrument casing. (Laboratory tests have determined
that the geophones can withstand a maximum tilt from vertical of about 15°). The geophone package for
Swallow float 1 is composed of three such transducers oriented to measure in three orthogonal directions.

The geophone amplitude and phase response was calculated using the theoretical equation of motion
for this system [12]. (The amplitude response curve is nearly identical to the manufacturer’s calibration
curve provided with the geophones). Near-critical damping of the coil is achieved using a 60 k2 shunt
resistor. Note that the f2 roll-off of the geophone amplitude response below the natural frequency of 8 Hz
effectively pre-whitens the ocean ambient noise so that po additional pre-whitening needs to be imple-
mented.

The three signals next undergo a fixed gain of 83 dB before being input to the automatic gain control
(AGQC). (Recall that this fixed gain is reduced by 12 dB from the 95 dB gain typically used in the Swallow
float geophone data acquisition system). Included in the geophone channel circuitry are nine RC circuits.
Five of these RC circuits act as high pass filters, with poles located at 0.000034, 0.034, 0.07, 0.26, and 0.47
Hz, in order to eliminate DC bias and decrease ultra-low frequency self noise. The other four RC circuits
act as low pass filters, with poles at 34, 34, 72, and 337 Hz, in order to eliminate AC coupling noise (i.e.
“cross-talk'"). These RC circuits are lumped together with the geophone channel "fixed gain" in Figure A.1.

The water-borne pressure fluctuations (acoustic and non-acoustic) are converted into voltage fluctua-
tions by the sensing material in the infrasonic hydrophone installed on float 3. The sensing material is elec-
trostrictive; that is, it develops a voltage in response to an implied stress [13]. (From laboratory tests, it has
been determined that the sensing material is also pyroelectric, i.e. it generates a voltage in response to a
change in temperature). The electrostrictive material in the OAS hydrophones is pre-polarized lead
zirconate-titanate, a polycrystalline ceramic. The hydrophone has a sensitivity of -182dB re 1 V/uPa and a
frequency response which is flat (within +1 dB) from O to 5 kHz. Because the ocean ambient noise spec-
trum increases as £~ to £~ below about $ Hz, the pressure-induced voltage output by the hydrophone is
then passed through a pre-whitening filter. This high-pass filter is comprised of two RC circuits in cascade,
both with corner frequencies of about 8 Hz, the same as the natural frequency of the geophone com-
pooents.

The "fixed gain" triangle for the infrasonic hydrophone channel in Figure A.1 represents somewhat
different circuitry than in the geophone channels. The fixed gain is set to 80 dB (rather than 83 dB), since
the hydrophone is more sensitive than the geophones; -182 dB re 1 V/uPa for the hydrophone versus about
-201 dB re 1 V/uPa above 8 Hz for the geophones. Also, since the hydrophone pre-whitening filter already
includes two high pass RC circuits, only two additional high-pass circuits, with poles located at 0.034 and
0.47 Hz, were added. An additional equivalent high-pass RC circuit with resonant pole at 0.2 Hz is formed
by the capacitance of the hydrophone itself (0.004 uf) and the resistance (200 M) of a temperature-stable,
metal film resistor. These threc high-pass RC circuits are included in the "fixed gain" triangle along with
four low-pass circuits, with poles at 34, 34, 72, and 339 Hz.

The hydrophone component voltage and all three geophone component voltages arc then sent to a
automatic gain control (AGC) amplifier. The AGC is a variable gain amplifier with a range of 0 to 36 dB
gain which allows the full dynamic range of the eight-bit A/D converter to be used. The AGC gain always
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changes between records by approximately 0.5 dB steps; if more than 0.5 percent of all data samples from
the last 40 seconds of each record are clipped, then the AGC decreases by 0.5 dB. Otherwise, it increases.
Plots of the AGC level for each float during every record are given in Section Il

Before digitizing, the signals are passed through a five-pole, four-zero, elliptic, anti-aliasing filter.
Elliptic filters theoretically have the sharpest transition region for a given number of poles and circuit com-
plexity. The filter frequency response and the pole, zero locations in the s plane are shown in Figure A.2
{14,15]. Incoming signals are amplified by 2 maximum of 4.6 dB in the passband, which has a 0.28 dB
equal ripple. The cut-off frequency (the highest frequency at which the amplitude gain is equal to the
minimum passband gain) is 20 Hz, and the attenuation is 19.5 dB at the Nyquist frequency of 25 Hz. The
maximum equal ripple level in the stop band is 50.1 dB below the level in the pass band and is first reached
at 31 Hz. Before installation in the floats, all filters were adjusted so that broadband noise input to the filters
yielded the same amplitude response and same null location at the filters’ output.

The geophone channel response, including all components in the system except the AGC gain
(which varies over the time of the experiment) and excluding the 12 dB decrease in the standard fixed gain,
is plotted in Figure A.3. The bydrophone channel response, including all components in the channel except
the AGC gain, is ploited in Figure A 4. In deriving the phase response in Figure A.4, it was assumed that
no phase shift was introduced by the hydrophone’s electrostrictive material in the conversion of pressure to
voltage.

The channel voltage signals are then digitized at a 50 Hz sampling rate and put into a temporary
buffer. After 44 seconds of data (equal to one data record) have accumulated in the buffer, a one second
period of writing the data to cassette tape takes place. During this time, no data is sampled. The 45 second
cycle then repeats until the cassette tape is full. The cassette tape can store up to 17 Mbytes of unformatted
data, which is sufficient space for up to 1600 four-component data records.

Both the RMS plots discussed in Section IV and the time series plots of Section V have been
corrected for the variable AGC level. No other adjustments have been made in these plots. The spectral
plots of Section VII, however, have been corrected for all electronic system gains including the
geophone/hydrophone sensitivities and the anti-aliasing filter response and therefore repon estimates cali-
brated to the input at the sensors.

Excellent agreement between the laboratory-measured and theoretically-predicted amplitude and
phase responses of both the geophone and hydrophone channel circuitry, and the sensors themselves, has
been obtained {16].
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Junc 1989 RUM Trip Data Screening Results

record internal  # of bytes first pass pass # of failed
number record written missing header range acoustic
number resync  checksum? checksum?  checksums?
Float 1
654 1293 4052 0 yes yes 1
655 255 5004 1 no . no 43
1413 2050 0 0 yes yes 0
Float 3
372 1011 6020 0 yes yes 1
373 -489 3030 1 no no 25
1387 2024 0 0 yes yes 0
Float §
168 807 9766 0 yes yes 1

Figure 1.1
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